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Ubersicht

Tragbare Sensoren - Wearables - wie Horgeréte oder In-Ear-Kopfhorer (,,Earables*) ermoglichen
eine unauffillige Gesundheitsiiberwachung dlterer Menschen, da sie Bewegungsdaten erfassen kon-
nen, ohne den Alltag zu beeintrichtigen. Dadurch eignen sie sich fiir die kontinuierliche Erfassung
von Gleichgewicht und Mobilitdt, welche zentrale Faktoren bei der Einschétzung des Sturzrisikos
sind. Fiir den Einsatz in Klinik oder Alltag miissen Earables zunéchst anhand etablierter Standards
validiert werden. Diese Arbeit untersuchte, ob aus einer einzelnen ohrgetragenen Inertialmessein-
heit (IMU) extrahierte Bewegungsmerkmale zur Vorhersage des Sturzrisikos bei einer gemischten
Erwachsenenstichprobe mit 59 Teilnehmenden (? 60,1 14,3 Jahre) genutzt werden konnen.
Wihrend statischer Gleichgewichtsaufgaben wurden parallel IMU- und Kraftmessplattendaten
aufgezeichnet. Eine standardisierte Merkmalsextraktion wurde verwendet, um Zeit-, Frequenz-
und Flichenmerkmale aus dem IMU-Beschleunigungssensor und den Drucksignalen (COP) der
Kraftmessplatte zu berechnen. Die Kraftmessplatte erfiillte zwei Funktionen: Erstens diente sie
als Goldstandard zur Validierung der IMU-basierten Merkmale. Zweitens wurde sie als Ref-
erenz fiir die Sturzrisikovorhersage genutzt, indem maschinelle Lernverfahren (Random Forests,
XGBoost, Support Vector Machine) separat auf COP- bzw. IMU-Merkmalen trainiert wurden.
Das Sturzrisiko wurde als binire Zielvariable iiber die selbstberichtete Falls Efficacy Scale (FES)
definiert. Zusitzlich wurde der kognitive Status iiber den Montreal Cognitive Assessment (MoCA)
erfasst. Die technische Validierung zeigte starke Korrelationen im Zeitbereich zwischen IMU-
und Kraftplattenmerkmalen, wihrend im Frequenzbereich nur moderate Ubereinstimmungen
beobachtet wurden. In der Klassifikation erzielten beide Modalitdten nur eingeschrinkte Vorher-
sageleistungen (ROC-AUC bis 0,71; F1 bis 0,47) und zeigten hohe Varianz {iber Cross-Validation-
Folds. Ahnliche Herausforderungen zeigten sich bei der Vorhersage des kognitiven Status anhand
der MoCA-Werte. Mogliche Ursachen waren die begrenzte Aussagekraft statischer Aufgaben, die
Subjektivitit der ZielgroBen und ein unausgewogenes Datenset mit wenigen Hochrisikopersonen.
Diese Ergebnisse deuten darauf hin, dass weder IMU- noch kraftmessplattenbasierte Merkmale
im vorliegenden Datensatz ausreichten, um das Sturzrisiko zuverlissig vorherzusagen. Die tech-
nische Validierung lege nahe, dass Earables wesentliche Bewegungsaspekte des Gleichgewichts
im ruhigen Stand erfassen konnen. Zukiinftige Studien sollten longitudinale Datenerhebungen
mit dokumentierten Stiirzen, dynamischere Aufgaben und standardisierte Protokolle in den Fokus
riicken. Die Kombination von IMU-Daten mit weiteren Gesundheitskennwerten konnte zudem
die individuelle Risikoprofilierung verbessern. Auch wenn die Klassifikationsergebnisse begrenzt
ausfielen, weisen die Ergebnisse der technischen Validierung auf das Potenzial von Earables fiir

eine praxisnahe Gleichgewichtsanalyse im Alter hin.
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Abstract

Ear-worn wearables, also known as earables, are emerging as promising tools for unobtrusive health
monitoring in older adults. Devices such as hearing aids or earbuds can collect motion data during
daily life, enabling continuous assessment of balance and mobility. Since balance impairments
and fall risk often increase with age-related or neurological conditions, these technologies offer the
potential for early detection and intervention outside clinical environments. However, their ability
to capture meaningful movement-related information must first be validated against established
standards. This thesis aimed to evaluate whether motion features extracted from a single ear-worn
inertial measurement unit (IMU) can be used to predict fall risk in older adult population of
59 participants (? 60.1 14.3 years). Participants performed static balance tasks while data
were simultaneously recorded from an ear-worn IMU and force plates. A standardized feature
extraction pipeline was applied to derive time-, frequency-, and area-domain features from the
IMU’s accelerometer and the force plate’s center of pressure (COP) signals. The force plates served
two purposes: Firstly, it served as a gold standard to validate the IMU-derived features. Secondly,
it provided a reference for evaluating fall risk prediction, as machine learning models (Random
Forests, XGBoost, Support Vector Machine) were trained separately on COP-derived features from
the force plate and accelerometer-derived features from the IMU. Fall risk was defined as a binary
label using the self-reported Falls Efficacy Scale (FES). In addition, cognitive status prediction was
explored using Montreal Cognitive Assessment (MoCA) scores. The technical validation revealed
strong correlations between IMU and force plate features in the time domain, while frequency-
domain features showed moderate correspondence. In the classification task, both modalities
showed limited performance in predicting fall risk with ROC-AUC values of up to 0.71 and F1
values of up to 0.47, as well as high variability across cross-validation folds. Similar challenges
were found in the prediction of cognitive status using MoCA scores. These limitations may be
explained by the limited discriminatory power of static tasks, the subjective nature of the outcome
labels, and an imbalanced dataset with relatively few high-risk participants. These findings suggest
that neither IMU- nor force plate-derived motion features were sufficient for reliable fall risk
prediction using the available dataset and outcome measures. However, the technical validation
confirms that earable IMUs can capture aspects of balance-related motion during quiet standing.
Future research should prioritize longitudinal data collection with documented fall events, use
more dynamic tasks, and adopt standardized protocols. Integrating IMU data with additional health
metrics could further support individualized risk profiling. Nevertheless, the strong agreement
between IMU and force plate sway features, particularly in the time domain, demonstrates the

potential of ear-worn IMUs for practical balance assessment in older adults.
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Chapter 1

Introduction

1.1 Motivation

Maintaining balance is a fundamental aspect of daily living, and impairments in balance are a
major risk factor for falls, particularly in older adults. Falls represent a significant public health
issue, affecting approximately one-third of adults aged 65 and older each year, and often leading
to functional decline, severe injuries, and increased healthcare costs [Wan24| [Rub06]. In addition
to physical injuries, recurrent falls in older adults can cause psychological trauma, often leading
to a fear of falling. This fear may result in a progressive decline in mobility, as individuals
begin to avoid everyday activities, which in turn contributes to further physical deterioration and
social withdrawal [Vai20]. Therefore, early and accurate balance assessment is crucial for the
prevention of falls and the maintenance of quality of life in aging populations. Traditional clinical
assessments of balance, such as the Berg Balance Scale (BBS) [Ber92] and the Timed Up and
Go (TUQ)) Test [Pod91]], are widely used due to their simplicity, practicality, and ability to predict
fall risk [Man10]. However, these assessments are inherently subjective, often exhibit ceiling
effects, and may lack the sensitivity required to detect subtle changes in postural control or early
deterioration in balance performance [Man10]. Objective measurements, such as those possible
with Force Plates (EPs), offer high precision but are expensive, require specialized equipment
and are impractical for widespread use in the community or at home. In addition, their use is
limited by the need for trained professionals and lack of portability, making them less suitable
for routine clinical examinations or large-scale screening [Noa23b]. To address these limitations,
wearable Inertial Measurement Units (IMUk) have emerged as a promising solution for mobile,
cost-effective, and objective balance assessment. are capable of capturing dynamic postural

control in a variety of settings, enabling real-world monitoring outside laboratory environments
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);@CISO*)K NSz*Y ?Rs3gBKARciBUOe¢EIN<c 8Ra$ | N,3 cc3ccL3Nj
jJRj@31Rs3a$ ,G.janNG. RalICL$c.s@C,@, Na30n,3 ,RLUIC N,3(
R8j@303gC,3.R8j3NI13 OCN<jR g3acCRNRa3L$ aa ccL3NjCN
,RNja cj. 3 aAsRaN 03gC,3c. GNRsN ¢ 3 a $13c. R{3a N CN,RNc
lj3aN jCgq3 NO a3, U $I3R8, UjnaCN<g aCRncU@wcC, | NOU@
jj@33 a.j@3w UaRgC030Ca3,j ,,3ccjR@3 0LRg3L3Njc NORj@
$ROWOWN LC,cY i@3CanNR$jancCg3 8RaL 8 ,jRa NOCNj3<a jCRI
cn,@ c @3 aCN< COc NOsCa3l3cc3 a$n0Oc.cnUURaj,RL8Raj $
IC83 ) Noll*Y /3cUCj3j@3c3 0g Nj <3c.j@3,ICNC, | NOj3,@N
CcC<N Ic8Ra cc3ccCN< URcjna | ,RNjaRl a3L CNcnNO3a3uUIRa.
j@30j , Una308aRL 3 a $1303gC,3ca33,jL3 NCN<8nlL3 cna:
, N,RNjaC$nj3jR 8 IlaCcG Ua30C,JCRNCNUa ,jC, I c3jjCN<cY
CN,a3 cCN<lwnc30CNa3c3 a,@.j@3Ca,ICNC, InjCICjw CccjCII
L3J@R0Oc. ¢cs3ll cj@3 3uU3ajCc3 a3\nCa30jRCNj3aUa3jj@3,
) yClk*Y UUIWCN< ,RLUNnj JCRN I L3j@R0Oc. CN,INOCN<L ,@CN
cCCR,C JCRNcCNj@30j j@ jja OCJCRN I N Iwc3c, NNRj03j3,
SBN@ N,3j@3 $CICjw jR 3uja ,ja313g NJCN8RaL jCRN 8aRL NR
njRL j30.c, | $13 3% I N,3 cc3ccL3Njc.nljCL j3Iw 3N $ICN<U3acR
CNj3ag3NjCRNcY p ICO jCN<cn,@ UUaR ,@3cncCN<3 a $1303q
,RnI0O 3N $I3 LRa3j a<3j30LRNCjRaCN< NOCNOCgCOnNn ICy30 8
U ajC,nl alwCLURaj Nj<Cg3Nj@3 <CN<URUnI jCRN NOj@3CN,

SYl 31 j30rRacG

SYIYS BKmMAS$ c30# 1 N,3 cc3ccL3Nj

@3 ncBRBB8Ra3$ | N,3 cc3ccL3Nj@ c< CN30CN,a3 cCN< jj3NjC
Ij3aN jCg3jRja OCJCRN Il $Ra jRaMA & @30, @3R@FR0@ Y m@® I\Ca333 C «
,RN~N30jR ,ICNC, | Ra$CRL3,@ NC, BIK&RBd jRlBw @\ g Ba KrNaL33_NBjIX
URcjna I cs wCN 3g3aw0 wc3jjCN<csCj@ LCNCL Ic3jnUY i@3C
nc3L G3j@3L U ajC,nl alwecnCj $I3 8Ranc3 CN,ICNC, I c3jjCN:
CNgRIgQCN< RIO3a Onljc RaCNOCqCONn IcsCj@ LR$CICjw CLU Ca

BKm@ g3 $33N UUIC30CN g aC3jwR8% I N,3 cc3ccL3Nj,R?
LRNCjRaCN< )HC Ik*. URcjna I cs w N IwcCc )TRIlIz*. NOcj jC, ¢
G3w 8 ,jRaCNen3N,CN< | BEXARBEQBEN3c3R8c3ccL3INjCcj@3 U
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j@3c3NcRaRNj@3 $ROWY bCN,3j@3 IR, JCRNO03j3aLCN3cs@C,@
a3c3 a,@3ac @ q303qRj30,RNcCO03a $I3 jjABNJCRNjRCO3NjC8wCN<
N IlwcCcY 7Ra cc3ccL3Njcj a<3J]CN<s@RI3A3ROwcj $CICjw. c3Nc!|
N3 aj@3 $ROw ¢ ,3Nj3aR8L cc.jwUC, Ilw jj@3s Ccj.InL$ acUCI
$CRL3,@ NC, IlwLRcjUaRNRNN,30);R0z4*Y a3qC3s3$w;@CclC3c¢
IRs3ajanNG. U ajC,nl alw aRnNOj@3 Hk"H9 q3aj3%a 3.s cj@3 LR
CN$I N,3cjn0C3c0On3jRCjc 3{3,jCg3N3cc CN, UjnaCN<janNG ,
Qj@3a Ul ,3L3Njc.CN,In0OCN<j@3I1CL$c NO @3 0.s3a313cc,RLLRNY
j@3 a3qC3s @C<@IC<@j30j@3 CLURaj N,3R8j cG c3I3,JCRN. NF
j cGc.cn,@ c\nC3jcj) NOCN<.< Cj. NOcCcCjAjRAc]j NOja NcCjCRNc
OCL3NCCRNCcR8%$ 1 N,3U3a8RalL N,3Y ?Rs3q3a.j@3a3gC3s@C<@
c3NcRa Ul ,3L3Nj.83 jna3 3uja ,JCRN. NOg ICO JCRNUaRjR,RIcC. s
3 aALRNNj30 ,RN~<na jCRNcY

QN3 R8J@3LRcjCNen3NjC I ,RNjaC$njCRNcCNj@Cc a3 Ccj@3 Bt
3] IY)K NSI*. s@C,@ CNjaR0On,30 cnCj3R8cs wlL3jaC,BXK3aCq30 8al
OnaCN<\nC3jcj NOCN<j cGecY i @3 Bbs wcwcj3LO3LRNcja j30j@
ORL CN 83 jna3ccn,@ caRRjL3 Nc\n a3 ,,313a JCRN. E3aG. NO
a3lC $IlwO0C{3a3NjC j33$3js33N@3 Ij@w CNOCgCOn Ic NOj@Rc3sC
T aGCNcRN c0Cc3 c3 U jC3NjcY +an,C Ilw. j@3c383 jna3cc@Rs30
7TL3jaC,c. UaRqQCOCN< 3IBHWM3RCIM3IN BgRUELCL j3j@3$CRL3,@ NC, I<
CN$ I N,3 cc3ccL3NjY

QN3 UUIC, [CRNj@ j @C<@IC<@KH@3RU0g3,0C,sIwgLnjRABR8 Cc j
CNj3<a JCRNCNjR cj NO a0OCy30,ICNC, | cc3ccL3NjjRRIcY QN3 Us
# 1 N,32aaRab,RaGRM2MWCMBjlaR0ON,30 $w #aRsN )#aRSk*. s@C,@ CL
LRa3 ,RNcCcj3Nj NORS$ES3,jCg3 Ij3aN jCg3 jRj@3 ja 0£36®WN | # | N,
i@#2bCc ,ICNC, | jRRI 8Ra cc3ccCN< URcjna I cj $CICjw. CN s@
c,Ra3c$ I N,33aaRac0OnaCN<cCucj NO a0OCy30cj N,3,RNOCjCRN
@ NOcCRN@CUcRN~aL NO8R Lcna8 ,3c)7CAZEY cJRAURB<IKN0) @ 3
CN3uU3NcC(q3. Cj0O3U3NOc @3 qCIwWRN j@3 3uU3aC3N,3 R8j@3 3.
CNj3aAa j3aa3IC $CICjwY IR Rg3aRR213hW@R BIBICUEKWER NGO | @ 3
RNj@3 @3 0.janNG. NOICL$cjR njRL jC, Ilw03j3,jLRq3L3NjU jj3
3aaRacY BN c¢c LUISR8 @3 Ij@w Onljc.j@3 cwcj3L\n NjC~30 ,,313a
$ROwW c3<L3NjcjR<3N3a j3 NR$E3,jCg3 3aaRac,Ra3.s@C,@ c@Rs
gCcn la jCN<c NOa30n,30j@3 q aC $CICjw ccR,C j30sCj@ cn$E3,j
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jORB#2bbaRqC03c a3IC $I3L3j@R0O8Ra\n NJC8wCN< 82IbN,3 NC
c,Ra3cCN @3 Ij@w CNOCQqCOn IcsCj@ IRsjRj I'$ | N,3 3aaRac
CCN<I3SBKmMmURCCJCRN30 jj@3 8Ra3@3 0 )#aRSk*Y
ianNGALRBINgEB® g3 $33NsC03lwq ICO j308Ra$ I N,3 cc3ccL3N
,Raa3l CRNIL3@@&c NO ,ICNC, | c,RaBcNOmM@s@B®3UI ,30 N3 a
j@3 ,3Nj3aR8L ccY i @Ccj@3cCcsCIlICNg3cjC< j3s@3j@3acCLlL
3 aAsRaNc3NcRac.s@C,@ R{3a LRa3nNR$jancCqg3 Ul ,3L3Nj 8]

SYIYlI # 1 N,3 cc3ccL3NjncCN<2 a $13c

2 a $13c@ g3 < CN30 jjBNJCRN cnNR$jancCqg3 jRRIc8Ra, Ujn
CC<N IcCCNO CIwIC83Y i@3w CNj3<a jJB3CN3ajC I c3NcRac CNjl
COc. 3 a$n0c. RacL aj<l cc3c.3N $ICN<,RNjCNnRncLRNCjRaC
c3NcRac @ g3 $33N UUIC30CNOCg3ac3 LRJCRN N IwcCc ,RNj
@nL N ,jCgCjw a3, R<NCjJCRN )#R$Il:*. cU33,@ NOE s LRQg3L3N
URcjna3 LRNCjRaCN<)M<nSf*Y "NOOC<3a3j IY)'NOII*UaRgCO03
R8 cSNCCN< U@3NRL3N ncCN< 3 a $I3c. @C<@IC<@jCN< j@ 3¢
a3, R<NCJjCRN. U@wWcCRIR<C, I LRNCjRaCN<. NO3NgqCaRNL3Nj |
R8 URcjna | ,RNjaRI NO$ I N,3Cc N3L3a<CN< 8RBiKKam GNjRI3O0
,RNcnL3a 03gC,3cICG3 @3 aCN< COc NOcL ajBIKutB2N3+j@RREk @
UaRuCLCjwjRj@3 ,3Nj3aR8L cc.3 a $I13cR{3a LRa30Cc,a3j3 NI
$3jjB3acnUURajIRN<Aj3aL NO3g3aw0 wnc3Y /3cUCj3ICcjCN<
j@3 a3qC3s ,RNj CNcLCNCL la3c3 a,@cU3,C~, Ilwa3l j30jR $ |

QN3 3 alwq ICO JCRNcjnOWCN j@Cc ORL CNs ¢c,RNONn,j30 $w
3g In j30j@3 nc3 R8cL aj<l cc3c 3\nCRKIMBR & j@ all BRE3INAQ IS
BNj@3CasRaG. @3 OALRnNnNj30cs wlL3jaC,c R$j CN308aRLj@
8aRL ,RNg3NjCRN | BRogALBNNj30B3aC3c R8cj NO aOCy303$ I I
a3cnljcc@Rs30 cjaRN<,Raa3l JCRN $3js33Nj@3jsRc3NcRalR,
jJRj lcs wURs3a NOj cGAS$ c30 cwlLL3jaC3cY i@3c3 ~NOCN<ccnhns
, Nc3aq3 cgC $13 Ij3aN jCgBKRGRANGIANRNNBIOccL3Nj. sCj@
0g Nj <3cCN URaj $CICjw NOCNj3<a JCRNCNjR 03gC,3c la3 0\
C@Rs30cjaRN< ,Raa3l CRNBKq@ @ bj@aAWRMNBIRj] cc3cc Ua30C(
8Ra ,ICNC, Ilwa3l3g NjRnj,RL3ccn,@ c8 IlaCcGY

BNj@3 UCIRjcjnOw $w b IO N 3j IY )b ISe*. a3c3 a,@3ac 3ul
IRSA,RcjpCajn | "3 ICjw ?3 OAKRKNJB PR/ CadBlcew ¥ | N,3 CN RI03
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i@3 cjnOw CNgqRI1g30 Sk U ajC,CU Njc <30f9 NORIO3a. 0CqC030
8 Ilc NO,RNjaRIcY T ajC,CU NjcnNO3as3Nj c3aCpBc?RKg8.$ | N,3 c
S@C,@ CN,In030LRONI3c03cC<N30jR3g In j3% c3ICN33$ 1 N,3.a3,
i@ ?K/ ccn$LClICL3j3aja ,GCN<, U $CICjC3c IIRs30 8Ra Uagi,
LRQq3L3Njc. NOCjcO j s3a3 , RLUHEBOGRgALBWjJCRRI tc3ccq ICOCjv
~NOCN<c CNOC, g3DK/@RBn@3a3IC $lw 03j3,j] 0C{3a3N,3c CN $ I N,23
$3js33Nj@3 jsR <aRnUc. U ajC,nl alwCN j@3 a j3 R8 Nj3aRURCcj3
cjnOw c ICLCj JCRNc CN,In03 <cL Ilc LUI3cCy3 NOj@3 N3308Ra 8n
~NOCN<c jR $aR 03aURUNI jJCRNcY

7Tnaj@3asRaG $w ; 8RN 3j IY );a SO*03LRNcja BBOnp@ j cCN«<lI
03j3,jcn$jl3 ,@ N<3c CN URcjna I cs w a3l j30j) R CNOCgCONn I ,@
cj j3cY T ajC,CU Njc ,RLUI3j30cj jC,$ |1 N,3jaC IcnN0O3aq aCRnc
URs3a.qgCcn I03U3NO3N,wa jJCRc. NOs3C<@jA$3 aCN< cwLL3jaw
cCjnOWC@Rs30j@ j@3 OALRNNj30L3 cna3L3Njcs3a3c3NcCjCqg3jR
nc3. NO ,RN,nccCRN cj jncY i@3c3 cs wlL3jaC,ca33,]0C{3a3Nj
cs wURs3a\n NjC~3c j@3 Rg3a Il CNjB3NcCjw R8 $ROw cs w. qCcn
$ 1 N,3 U3a8RalL N,3sCj@ 3w3c RU3N g3acnc ,IRc30jR cc3cc a3l
$3 aCN< cwLL3jaw CNOC, j3c nN3g3N IR 00CcjaC$njCRN $3js33]1
$ROWY MRj $lw. CNOCQqCOn IcsCj@ a3,3Nj,RN,nccCRNc3u@Cs$Cj3
CNOC, JCN<CLU Ca30N3naRLRjRa,RNjaRIY i@3c3 ~NOCN<c @C<C(C
BKm cUa ,jC, | NOa3cURNcCg3jRRIc8RaCO3NjC8wCN<$ | N,3CLU
c,a33NCN< ,RNj3ujcyY

i@3cjn0C3c@ q3c@RsNj@ BE&MON a80C dAsR&ENNa3 cs wlL3jaC,c(
cj jC,$ 1 N,3jcGc.sCj@ U3a8RalL N,3 ,RLU a $I3jRjanNGALRNN;j30
i@Ccj@3cCcsCll3uUlIRa3s@3j@3aj@3c33 aAsRaNL3 cna3L3Njc
8 IlaCcG,l ccC~, JCRN.3uU NOCN<j@3Canc3$3wRNOUna3cs w\n
8 IlaCcG Ua30C,jJCRNc $ c30 RNBE3mj N EINSAR @3] @ RTRBEB ajCYY30 8aRL

SYIYk 7 11 CcG cc3ccL3NjsCj@ BKmc

BKm a3sC03Iwcjn0C308Raj@3CaURjJj3NJC IjJR cc3cc8 llaCcGC
L3 cna3L3NjR83 I N,3 NO< CjY QN3 R8j@3 8RNnNO jCRN IsRaGc CI
)?RsSk*. s@Rcwcj3L jC, Ilwa3gqC3s30:z¢cjn0C3cj@ j3LUIRW30CN3a
RI0O3a OnljcY KRcjBK@OBRCcE¢BRNI3ON3 aj@31Rs3a$ ,GjR, Ujna3jan
s IGCN<Ra\nC3jcj NOCN<j cGc.R8jSNNNO3a$Rj@ cCN<I3A NOON I
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8 Il3ac s3a3 jwUC, Ilw,l ccC~30% c30RN a3jaRcU3,jCq3 c3I18Aa3!
J@ORN<@ 03~-NCJCRNcqg aC30 ,aRcccjn0C3cY i@3 nfj@Rac8RNNO |
OCcjCN<nCc@ $3js33N 8 II3ac NONRNAS8 IlI3ac.sCj@ L Nwcjn0OC:
< CNcj,ICNC, I cc3ccLB8MNgecmcn,Rea & | @@ CcjRaw \n3cjCRNN Cas3
R8j@3 a3gC3s30c¢cjn0C3cnc30Ua30C,jCg3 LRO3Ic.LRcj,RLLRN
CN,INOCN<,l ccC~3accn,@ c03,CcCRNja33c.N3na IN3jsRaG:
a3gC3s3LU@ cCy30j@3 N3308Ra<al3 j3aL3J@RORIR<C, Icj NO
a3< a0OCN<c3NcRaUl ,3L3Nj.Rnj,RL303~NCjCRNc. NOj@3 nc3

BN j@3 ,RNj3uj R8 ,ICNC, | URUnNI jCRNc. mllaC,@ 3j IY )ml
LRO3IcjR Ua30C,j8 IlaCcGCNCNOCgCOn IcsCj@ T aGCNCcRN cC
a3 IAsBEI® Cj0BKms3a3 Ul ,30RNj@3I1Rs3a$ ,G. NOg aCRnc
3uja ,j30Y i@3 Rnj,RL3 1 $31s ¢c$ c30 RN UaRcU3,jCg3 8 1Il10C
U3aCRO.,l ccC8wCN< U ajC,CU Njc c8 lIl3ac RaNRNAS8 IlI3acY 1
7Ra3cj,l ccC~3aja CN30ORN <<a3< j300 Clw< Cj83 jna3c ,@C3
$1 N,30 ,,na ,wR8e:YzX.c3NcCjCqCjwR8fzYzX. NOcU3,C~,Cjw
j@ ja3 IAsRal0< Cj$3@ qCRa. cRUURc30jRc@Raj,ICNC, | c
8 11aCcGCNT aGCNcRN c0Cc3 c3U jC3NjcYr@Cl3a3 1< Cjo | c
NRj3u LCN3cs wA$ ¢c3083 jna3c8aRLcj jC,jcGcRac3NcRaUR

+@3N 3j IY)+@3I1*a3gC3s3019¢cjn0C3c UUIwBKmiB a3®I3 c3N
j@3I1Rs3a$ ,G.s Ccj. Racj3aNnL.8Ra8 IlaCcG cc3ccL3NjCNR
cc3cc30%wncCN<s3 a $1I3c3NcRa83 jna3cjRUa30C,j3cj $IC
cn,@ ciCL30mU NO;RU3a8RalL N,3.a3jaRcU3,jCg38 Il @CcjRaw
LRcjcjn0C3c.j@3c3,ICNC, 1j3cjcc3aq30 cRnj,RL3L3 cna3c Ra:
j@3 Ua30C,jCg3 g InN3 R8c3NcRaA03aCqg3083 jna3cs c3qlIn j3
c3NcRac, N UUaRuCL j3j@3c3ja OCJCRN I cc3ccL3NjcsCj@
83 jna3c8aRLa s ,,313a JCRN NO<waRc,RU30j .U ajC,nl alw
NO URcjna I cs wY r@CI3 L Nwcjn0C3c 3LUIRw30 cj jCcjC, | ,R
NRNAS8 II3a <aRnUc. @3 a3gC3s NRj30 <aRsCN<nc3 R8cnU3a
CLUaRg3,l ccC~, JCRNU3a8RaL N,3 NO njRL j3 cc3ccL3NjY C
URj3NjC I R8s3 a $I13j3,@NRIR<C3c8Ra8 IlaCcG cc3ccL3Nj.:
I<RaCj@LC, RnjUnjc LRa3 ,IRc3lwsCj@ ,ICNC, IlwCNj3aUa3j $|

$aR 03a 0CCcjCN,JCRN $3js33N 8 IlaCcG cc3ccL3Nj NO S8 Il
a3gC3s $w #3j 3] 1Y )#3jSO*. s@C,@ 8R,nc30ncCN<s3 a $I3c3Nc
CO3NjC~3cs@3N 8Ill@ c la3 OwR,,naa30.jwUC, IllwncCN< a3
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,@ N<3c CN RaC3Nj JCRN Ra ,,313a JCRNY BN ,RNja cj. 8 Il aCcC
ICG3IC@RROR8 8njna38 11.3Cj@3a $w,l ccCBwCN<CNOCqgCOn I
LRg3L3Nj NO$ I N,S3CNO3U3NO3NjlwR88 Il @CcjRawY i@3a3qC3sC
cjn0C3cUaCL aClw3LUIRW30CN3ajC Ic3NcRacjRLRNCjRa< Cj NO:¢
cj NO a0OCy30s IGCN<Racj jC,jcGecY 7 1llaCcGs ¢c,RLLRNIw3qg In j
cn,@ ci@3##b NO8 Il @CcjRaw\n3cjCRNN Ca3cY i@3c3 cc3ccL3Njc
$wcj jCcjC, I ,RLU aCcRNc $3js33N8 II3a NONRNAS8 II3a<aRnUc.Ra
I3 aNCN<LRO3IcjR 3cjCL j38 IlaCcGY i@3 nj@Rac NRj30j@ js@
UaRLCc3CNCO3NjJCBWCN<CNOCQqCONn Ic j313g j308 IlaCcG.j@3cjr
Ul ,3L3Nj. NnL$3a R8c3NcRacnc30. NORNj,RL3I03~NCjCRNc.L GCI
KRa3Rg3a. RNIw 83scjn0C3cq ICO j30j@3Caa3cnljc < CNcjUaRcU
jJ@3 RN<RCN<N3308RalIRN<CjnOCN I g ICO jCRN NOcj NO aOCy30

MCCN<j@3 b@Raj7 llc2|,  whb@BRANJZIFRBPCRNCBW U3a,3Cq30
aCcG./3IA'JRAp I3Ca c3j 1Y )03ISf*3u LCN30Cjc ccR,C JCRNsCjq
CN RIO3a OnljcsCj@ <3Aa3l jB30CNcj $CICjwY i@3Ca ~NOCN<cc@|
CHN@Raj7elraBc. s c cC<NC~, Njlw ,Raa3l jB30sCj@ $Rj@ j@3 NnL.
Rnj,RL3c 8aRL ,RLUNj3aCy300wN LC, URcjnaR<a U@wY i@CccnUl
8 llaCcG ¢ UaRuw8Ra ,jn I $ I N,3CLU CaL3NjY ?Rs3qg3a.s@CI3
O3LRNcja j30ncCN<I| $Ra jRawA$ c30jRRIc. NRUa3gqCRnccjn0C3
83 jna3c 8aRL 3 aAsRaNCN3ajC Ic3NcRac, N$3 nc30jRUa30C,j 8
7 Ilc 2], ,wb, I13ABNj3aN jJCRN IV72bABW Rab@Raj72bABY i@3 Ua
NNO3a3u LCN30CNj3ac3,JCRNR8s3 a $I3¢c3NcCN<.3cU3,C IlwsC
,l ccC~, JCRN$ c30RN U3a,3Cq308 Il cc3ccL3NjjRRIY

SYk TnaURCc3

#NnCIOCN< RN j@3 03g3IRUL3Njc CNs3 a $I3 NO3 a $I13j3,@NRIR:
cwcj3L jC, Ilwqg ICO j3 j@BXKmcB8RA8%31aN$B3 cc3ccL3Nj NO8 IlaCcG
NcCN< Ua3gCRnclwa3,Ra0300 j c3jYIi@3R$E3,jCg3 CcjRCNQg3cjCcx
, Ujna30 8aRL NBK&aB3sgRaN, Nc3ag3 ca3lC $I3CNOC, jRac R8 UR«
Ua30C,jRac R88 IlaCcGCNRIO3a OnljcY cClincja jB30CN 7C<na3S"
jsSRG3wqg ICO jJCRNcj3Uc- 7Cacj. j3,@NC, I g ICO JCRNCc,RNON,j
$3js33N ,,313aRIWNIBBVna3c 8aRL B&@NOa+8N3j3a R8 FaBWcna3 V

83 jna3c R$j] CNIWNGARN< cj NO a0Cy30cj NOCN<$ I N,3jcGecYi@Cc (
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7C<na3 SYS-bCLUIC~30Rg3agqC3sR8j@3sRaG U ,G <3

T3 acRN ¢ ,Raa3l JCRN ,R3|,C3Njc NO ,Raa3cURNOCN< cC<NC
NO 8a3\n3N,wAORL CN 83 jna3cY i@Cc cj3U 3Ncna3cj@ jj@3 ¢
,,na j3lw a3¢3,] $CRL3,@ NC, | cU3,jc R8URcjna | ,RNjaRI ja
cj NO a0l $Ra jRaw 3\nCUL3NjY b3,RNO. ,ICNC, I g IC0O jCRN sC
,,ha j3IWRP@RB c30,l ccC~, [CRNcR88 IlaCcG, N$3Ua30C,j30 8
3 aAsBENMNTOIT O j] ncCN<L ,@CN313 aNCN<LRO3IcYi@CcCcO
I3 aNCN<,|l ccCBamNRANT8Rjj@a3c jROCcjCN<nCc@ $3js33N CNOCg
13g3Ic R8U3a,3Cq308 IlaCcGY i@3U3a8RaL N,3R8j@3c3LRO.
a313g N,3 NOUa30C,jCq3q In3 R83 a $13A03aCq30L3 cna3cY #
j@Ccj@3cCc cc3cc3cj@3 ,,na ,wR83 a $I3L3 cna3L3Njc NO 3ul
jRRI8RaCNj3<a JCN<,ICNC, | 7cZzBABL 3N 8. an$@ jBj@BIRIR<w 8Ra
nc3Y /3LRNcja JCN<j@Cc URj3NjC | ,Rnl0OcnUURajj@3 03q3IRL
3 alw CO3NjC~, JCRN R8CNOCQgCONn Ic jaCcG R8 8 IICN< NO 31
Ua3q3NjCRNcja j3<C3c RnjcC03 ,ICNC, 1c3jjCN<cY

SY: QnjICN3

i@3 cjan,jna3 R8j@Ccj@3cCc Cc Ra< NCy30 c8RIIRsc-+@ Uj3al
,Rq3aCN<8nNO L3Nj I ,RNIBBKmaslljBO3Rcc3ccL3Njj3cjc. NO N
R8j@3c313,j30L ,@CN313 aNCN< UUaR ,@3c NO,I ccC~3acyY +
0 jc3jnc30CNj@Cc sRaGY +@ Uj3a: RnjICN3cj@3 L3j@ROcC
N IlwcCc $B@®3NDTO j c s3Il cj@3 03g3IRUL3NjR8 Ua30C,jCH
aCcG cc3ccL3NjncCN<$Rj@ c3NcRaLRO ICjC3cY i@3 a3cnljc
+@ Uj3a9Y +@ Uj3afcnLL aCy3cj@3 ~NOCN<c.0Cc,ncc3cj@3
ICLCj JCRNc R8j@CcsRaGY 7CN Illw. +@ Uj3aecnLL aCy3c N
RnjIRRG RN 8njna3 a3c3 a,@ 0Ca3,JCRNcY



+@ Uj3al
/7nNO L3Nj Ic

i@Cc,@ Uj3a Ua3c3Njcj@3 8nNO L3Nj I ,RN,3Ujc a313g NjjJRj@C
Rg3aqC3sR8% I N,3. , RLLRNCLU CaL3Njc. NO,ICNC, I cc3ccL3Njjl
N Ca3c NORS$ES,jCg3j3cjcYi@3 N jRLC, I ,RRa0OCN j3cwcj3Lnc308
Ccj@3NCNjaR0ONn,30. 8RIIRsBULBwcmMaR 3 alge MSOREER IBRA B8l N, 3

N lwcCcY 7CN Ilw. G3wL @CN3I13 aNCN< ,RN,3Ujc a3 RnjICN30.C
Ua3UaR,3ccCN<. NOqg ICO JCRNj3,@NC\n3ccn,@ c¢cN3cj30,aRccA
03g3IRUCN< a3IC $13Ua30C,jCgq3 LR0O3IcCNj@Ccj@3cCcY

IYS # 1 N,3 NOBLU CaL3Nj

# 1 N,3Ccj@3 $CICjwjRL CNj CNj@3 $ROw ¢ ,3Nj3aR8L ccRQg3a
j@3 CNj3<a [CRNR8c3NcRawCNUnj8aRLj@3 qgqCcn I.qg3cjCs%$nl a.
)?RaOf*Y /CcanUJCRNc CN NwR8j@3c3cwcj3Lc, NI3 OjRS$ I N,3
OCyyCN3cc.nNcj3 OCN3cc.Ras8 llc)bjnz4*Y +RLLRN, nc3c CN,In03
,RNOCJCRNccn,@ ¢cT aGCNcRN c0Cc3 ¢c3 NOLNnIjCUI3c,lI3aRcCc.L
NO cCO03 3{3,jc 8aRL ,3aj CNL30C, JCRNc ) <aSk* ) IISk* )+ LS4~
Ua3g I3BN,3R83% I N,3CLU CalL3Njc LRN<RIO3a OnljcCccn$cj NjC 1|
CN,a3 c3Y UUaRuCL j3IwkzX R8CNOCgCOn Ic <30f9w3 ac NORIO:
CLU CaL3Njc Ra0OCyyCN3cc jcRL3IURCNjCNj@3CalCqg3c)r NI:*\
LnljC8 ,jRaC IN jna3 R8% | N,3CLU CaL3NjcCNRIO3a Onljc. ,,na
CO3NjC8WCN<03~,Cjc NO<nCOCN<CNj3ag3NjCRNcY # | N,3 cc?:
c318Aa3URaj\n3cjCRNN Ca3c NORS$SES3,jCqg3,ICNC, |j3cjcj@ j3qg In
,RNjaRIY +RLLRN \n3cjCRNN Ca3cCN,In03j@3 ,jCHGWIcABU3,C~,
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7C<na3 1YS- N jRLC, I j3aLc R8 IR, JCRN I $3I130 RN j@3 N jR
YK 0zZ4*WY

j@3/CyyCN3cc? NOC/,?BABNNBNEIRABA@/C,@ cc3ccU3a,3Cqg30,RN-
j@3CLU ,JRB0CyyCN3cc Ra83 aR88 IICN<RNO Clw ,jCgCjC3c
j@B#b NO j@Bbba3 nc30jR cc3cccj jC,$ I N,3.s@CI30wN LC, $ I
j@aRn<i@;jj@8] NOj@3 b@RajT@wcC, | TBRaBR.aL@NS 3@ §B3I8wW YR $(
NO8nN,jCRN |, U ,CjwCN RIO3a Onljc )MNRS9* )Bq3Sk* )T qSf*

Yl K30C, | +RRa0OCN j3 bwcj3L

BNj@3 ,RNjB3ujR8 N jRLC, | NOS$SCRL3,@ NC, Icjn0C3c.cj NO a
Ul N3c a3 njCICy30jR03c,aC$3j@3 RaC3Nj JCRN NOLRg3L3Njc
,RNg3NjCRNc a38nNO L3Nj I8Ra3NcnaCN< ,RNcCcj3Nj,RLLnNC
IYS NO7C<na3lYS)r3alk*Y i@3c30Ca3,JCRN Ij3aLc a3 03~N30
N JRLC, URCCJCRN.s@C,@ 03c,aC$3cj@3 $ROwcj NOCN<nUa¢
cC03c NOU ILc8 ,CN<Rnjs a0O0Yi@Cc 3Ncna3c ,RNcCcj3N,wCNc
cn$E3,jc ,jn URcjna3)r@Cz9*Y



lYKY # H M+2 bb2bbK2MiiQQHDb SS

i $131YS-bj NO a0 N jRLC, 1'j3aLcnc30jR03c,aC$3 URCCJjCRN | NI
j@3 @nL N $ROwWY

K30C, li3aL ia Ncl jJCRN

Nj3aCRa 7aRN]

TRcj3aCRa # ,G

K30C | iRs a0cj@3 LCOICN3 R8j@3 $ROw
H j3a | s w8aRLj@3LCOICN3R8j@3 $ROw
bnUu3aCRa IRs a0 j@3 @3 0gnUU3a
BN83aCRa iIRs a0 j@3833jglIRs3a

IYKk # I N,3 cc3ccL3NjiRRIC

IYKYS # | N,3 cc3ccL3NjBNcjanL3Njc

7Ra,3 Tl j3c
7Ra,3 Tl7/B®WVa3 Ua3,CcCRN $CRL3,@ NC, | CNcjanL3Njcnc30 jR\
7Ra,3c’¢W NOjRa\n3c<3N3a j300naCN<@nL NLRg3L3Nj NOURcjna
CNj@3 cc3ccL3NjR8URcjna Icj $CICjwY i@3w a3 ,RLLRNIw 3LUIF
URcjnaR<a U@w JRLRNCjRaj@3 ,RNjaRIR8nUaC<@jcj N,3.s@3a
N IlwcCc R8\nC3j3a3,jURcjna3. NOOwN LC, URcjnaR<a U@w cc3
3uj3aN Ilw UUIC300Ccjna$ N,3c)/n Sz+Q W2 B3IBCg38/RENA3ccna3’
LRL3Njc aRnNOj@3 Ul j3 ccna8 ,3.a3Ua3c3Njcj@3 URCNjR8 UUIC
RNj@3 cnUURajcna8 ,3 NOa3<3,jcj@3 $ROw c N3naRLnc,nl aa3cl
)/n Sz*)[nCIS*Y iwU@QTkw.3@8a30 IRN<jsR u3c- j@BWM3WNCRAH |3
Nj3aRATRcTMCRA3VJCRNCc. s@C,@ ,Raa3cURNOjRj@3 @RaCyRNj I,
)+@3IS*¥Q@T L j@3L jC, Ilw,RLUNj30NncCN<j@3L3 cna308Ra,3 NO
,,Ra0OCN<jRj@3 8RIIRSCNg,BYR, ]@BN@ 3s<c@BaxNO0 a3 ,jJCRIN 8Ra,3c C
KH NObnU3aCRaMBBNB3aGRRBNc.M3MY 3aRC@BIW.RL3Njc KRNNO j@ 3
NOT u3c. NOc j@3 @3C<@] R{c3j8aRLj@3 8Ra,3L3 cna3L3Njcnas8
,RNj ,jV3Y<Y. cna8 ,3,Rq3aCN<W )/n Sz*-
My h Fy. My h Fy

+ QML =

; VIYSW
F, F,

+Qab =
r@3Nj@3cn$E3,jCccj NOCN< $7a88RR|,8Ca@B 3B RITC¢@ BX,G&jg3 1w
y3aR )b3CSI*Y KBIjBAnNLXj@3j@a33 Raj@R<RN IF§Fa V8 RQYABI3Njc
,Raa3cURNOCNMLRLINW V3N $ICN< @C<@Aa3e¢R Iy EBNjRsa 0BECNX <
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i@3e®Ta E3,jRaC3c, N$3 gCcn ICy30 ccj $CIR<a Lc.3@T,@ c@
CNj@3NKHOCa3,J)CRNc. Ra ccj RGCN3c€QT NJkasinCs &) jTIRN |
< CNcjT@B8a3,jCRNCN 1I/cU jCIL UY #Rj@ gCcn ICy jCRNc U
,RNjaRIlcja j3<C3c NOCNOCgCOn Icj $CICjwQIL8Bf&CI,@c)/an S@* ¥
JRj TU j@ ISN<j@.cs w a3 NOL3 Ng3IR,Cjw a3sC03Ilwnc30j R

7Ra3u LUI3. CANQAB LB jw Racs w a3 Cc<3N3a IlwCNj3aUa3j30
Cc8a3\n3NjlwR$c3agq30CNURUNI jJCRNcsCj@ CLU Ca303% 1 N,3

BN3ajC I K3 cna3L3NjmNC]j

BN3ajC I K3 cna3BBMMWNMEBscCW03Iw nc30 8Ra cc3ccCN<$ | N,3 1
CN ,ICNC, 1 NO a3 IA8Kai pwcBC CNwc, RNcCcj R8 ,,313aRL3j3ac
L3 cnaCN<j@3 CN3ajC | ,,313a JCRN NO N<nl aaRj JCRN a3cU
a3 U ajC,nl alw,an,Cl. cj@3wL3 cna3ICN3 a ,,313a JCRN ,aF
T.KH NBBs@C,@ ,Raa3cURNOjRj@3 UaCL aw0Ca3,JCRNcR8cs
)IX@ [1*)b3Clk*Y i@30 j .ncn Ilw3uUa3cc30CN nN®jc,RI8 83 gC
,RNg3aj30jR cj NOmd& WBSWNLIg@UIWCN< $w OY4zff9Y i@Cc\n NjC
Ua3,Cc3LRNCjRaCN<R8cs w LUICjn03.8a3\n3N,w. NOq aC $
3g In JCN<$ I N,3U3a8RalL N,3Y bn,@ c3NcRac a3 R8j3NUI ,30R
$3@CNOj@33 ajR, Ujna3 s@RI3ZA$ROwW LRQg3L3NjcsCj@ LCNCL |
c3NcRac a3 3cc3NjC ICNqg aCRnc UUIC, JCRNc CN,INOCN< ]
N IlwcCc. NOIRN<Aj3aL @3 Ij@ LRNCjRaCN<)bICSO*);@CSO*
cn,,3cc8nllw CNj3<a jJBOCNjR 03gC,3ccn,@ c @3 aCN< COc. s:
NNR$jancCqg3 NO,RNjCNnRncja ,GCN<)b3CIlk*B)KmSI3INIW@ RN @B
,JCgCjw R8 CNj3a3cj.jwUC, Ilw $3js33Nj3N NOc3g3a |l @nNOas3
j@3cwcj3LjR ,\nCa3 cC<N IcsCj@ @C<@3aUa3,CcCRN NO8a3\n
jj@3 3uU3Nc3 R8@C<@3a3N3a<w ,RNcnLUjCRN)x@ II*Y KRa3
3 c3R8CNj3<a JCRNCNjRs3 a $13cwcj3Lccn,@ c @3 aCN< COc
,RNjCNnRnc. jA@RL3$ 1 N,3)j SS*);@CSO*Y ?Rs3qg3a.,@ II3N
, NCLU ,j ,,na ,w NOLCNCLCy33aaRacOn3jRc3NcRa IC<NL3N

IYkYl [n3cjCRNN Ca3c NOi3cjc

7 llc 2], ,whb, 13
i@37 llc 2|, ,wb, IBABNj3WBECCRMNjINO aO0Cy30 CNcjanL3Njnc3
83 aR88 IICN<3$w\n NJCBWCN< NCNOCgCOn I c,RN,3aNc0OnacC
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\n3cjCRNN Ca33 ,@a j30RN ¢, I3R8RN3jR8Rna)vaz9*y 2 ,@ Cj3

a N<CN<8aRLSVNRj j II,RN,3aN30WjR:Vg3aw,RN,3aN30W.a3cnlj
$3js33N Sf NOf:.sCj@ @C<@3ac,Ra3c CNOC, jCN<<a3 j3a83 aR8:
$aR 0a N<3RB8U@wcC, | NOcR,C 1l ,jCgCjC3c.CN,IN0OCN<s IGC

Rq3a@3 0. $ j@CN<. NO jjBNOCN< cR,C | 3q3NjcAB&®C ns&@0® c,R
cnCj $1I38Ra$Rj@ 8a CICNOCQgCOn Ic NOLRa3 ,jCq3 RI0O3a Onljc)
c) NO a0 jRRICN 8 IlaCcG cc3ccL3Nj.sCj@ c,Ra3c R8SfjRISCNOC,
[ NO $Rg3 CNOC, jS3@C<@3a8 IllaCcGY i @Ccj@a3c@RI0O3N $I13c
CNOCqgCOn IcsCj@ IRs3a NO@C<@3al3q3lIcR883 a.j@nc<nCOCI
)/31Sz*Y

KRNja3 I +R<NCjCg3 cc3ccL3Nj

i@3 KRNja3 | +R<NCjCEKR€W3CcLIHELCB8 c,a33NCN<jRRIsCO03Ilw nc3(
,R<NCjCg3 CLU CaL3Nj.s@C,@ @ cCLUIC, J[CRNc8Ra$ 1l N,3 cc!
0g3ac3lw {3,jURcjna KRRN3@RhYjB@3sC03 a N<3 R8 ,R<NCjCg3 0ORL
j cGcecn,@ cc@RajAj3aL L3LRaw a3, Il.gCcnRcU jC I cGCllc. 3u
sRaGCN< L3LRaw. |l N<n <3. NORaC3Nj JCRNY i @3 jRj I c,Ra3a N
c,Ra3c CNOC, JCN< $3jj3a,R<NCjCg38nN,JCRNY bjn0C3c @ g3 c@R:
RNj@B+ R8jBN3u@C$CjCLU CaL3Njcj@ jL wja Ncl jJBCNjR$ I N,:
i@ncKR+ c,Ra3 R8Ifc3agq3c cj@3j@a3c@RI0. 0CcjCN<nCc@CNc<
cn$E3,jc NOj@Rc3 jaCcGR8% I N,3Aa3l j30Cccn3c )M cz9*Y

lY: K @CN3H3 aNCN«<

K , @CN313 aNCN< a383acjRj@3 $CICjwR8 ,RLUNnj JCRN ILRO3Ic |R
0j.3N $SICN<j@3LjR njRL jC, Ilw$nCIO N IwjC, ILRO3Ic NOcRIq3:
L, @CN3I3 aNCN< j3,@NC\n3ccn,@ c¢c 03,CcCRN/¢aB3«#a3uctaf*.
2uja3L3;a OC3INj#RRR@N<@3Sf*. NObnUURaj p8p KRW K+ Ra©N3c V

a3 ,RLLRNIwnc30 ¢cCNCjC | UUaR ,@3c 8Ra $CRL30C, 10 j N

3{3,jCgq3 sCj@ cL 1l13a0 j c3jc.cn,@ cj@Rc3sCj@ 83s3aj@ N kzz
<a3 j3aCNj3aUa3j $CICjw ,RLU a30jR 033U I3 aNCN<LRO3Ic)x NI:
7C<na3 lYl Ua3c3Njc c¢cj NO aOL ,@CN3 13 aNCN< ,l ccC~, JCRN L
JBCJCN< U@ c3cYi@3 UaR,3cc $3<CNcsCj@ 0 j Ua3UaR,3ccCN< |
a SCNUnjcCNjR nc38nla3Ua3c3Nj JCRNcY i @3 Ua3U a300j Ccj@:



S: +? Ti2 1Y 7TmM/ K2Mi Hb

7C<na3lYl-i@3% cC,LRONI3c R8 LRO3I,I ccC~, JCRN cw

8RaLRO3113 aNCN<. NO j3cjc3j8Ra3q In jCN<,l ccC~, jCRNL
YMC34k*Y

lY:YS ia CNCN< NO2g In JCRN

iR$nCI0O aR$ncjLRO031.CjCc3cc3NjC I jRNnjCICy3 cL Nw q CI
ja CNCN<.s@CI33NcnaCN<j@ jj@3j3cjc3jCccn|,C3Njlw Il a<
Ua30C,jCg3 U3a8RalL N,3YB8j@3 q ClI $130 j c3j@ cRNIw cL I
, NURc3 cC<NC~, Nj,@ II3N<3Y sCO03lw ORUj30cRINnjCRN Cc
3NjCa3 0 j c3jjR$3cwcj3L jC, Ilwnc308Ra$Rj@ja CNCN< NOj3
QN3 R8J@3LRcj,RLLRNIWASBIIG aRdAjAELCECO [CRN.CNs@C,@ j@
CNR\n IlwcCy308RIOCKEN3R ,@RBg@RBN3 8R10 Cc a3c3aq30 8Ra
a3L CKHESI8BRIOc a3 nc308Raja CNCN<Y i i@CcUaR,30na3 3Ncna3
g ICO JCRN 3u ,jlwRN,3k&D R Brar cC®ENB83a8RalL N,3L3jaC,c a:
Rqgq3a Il 8RIOCjR R$] CN LRa3 a3IC $133cjCL j3R8j@3LR0O3I cl
BN LRcjL @CN3I3 aNCN<sRaG*Rsc. CjCc NRj3NRNn<@ jR Enc
CN,In03c c313,JCN<j@3 $3cj @wU3aU a L3j3ac NO UUIwWCN< U
RaCLUnj JCRNYB8j@3c3 RUJCLCy JCRNcj3Uc NOj@33qg In jC
RnjncCN<j@3c L30j.$C c30U3a8RalL N,33cjCL j3cL wa3cn
UaRLCN3NjCN<c,3N aCRcsCj@ cL Il c LUI3c.s@3a3CjCcR8j3
CNO3U3NO3Njj3cjc3jY IRLCNG¢jBYj]@RCcAARBIEAAILCRN3I0 ¢ aR$n
L3J@R0O8RacCLnlj N3Rnclw U3a8RaLCN<LRO31c3I13,J)CRN NOU3
$C cY Bj ICR3N $I13cj@3 cwcj3L jC,,RLU aCcRNR8O0OC{3a3NjL
CO3NjC, 1q ICO JCRN ,RNOCJCRNcY i @Cc UUaR ,@ CNgRIQg3cj:
IRRU. s@C,@ Cc a3c3ag308Ra3g In JCN<j@3 <3N3a ICy jCRN
NCNN3alRRU.s@C,@ Ccnc308Raja CNCN<.Ua3UaR,3ccCNcx<.
c3U a JCN< LRO31c3I3,JCRN 8aRL U3a8RalL N,33cjCL jJCRN. N3
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7C<na3lYk-i@3 Rnj3a,aRccAq ICO JCRNIRRU UaR,30na:

ILRcjnN$C ¢c30 3cjCL j3R8 Ua30C,JjCRN 3aaRa NOCcU ajC,nl al
)" clS*Y i@3 8RIIRSCN<cn$c3,JCRNc03c,aC$3j@3 aRI3Z R83 ,@ IRF

KRO312g In jCRN NOp ICO jCRN

BNj@3 Rnj3alRRUR8N3cj30,aRccAq ICO JCRN.j@38R,ncIC3c RN
L N,3R8j@3 ~N ILRO3IY (RERAC 3gRBJ@AQcl.CO JCRN Ccnc30Y i@30 j
k Rnj3a 8RI0c. NOCN3 ,@ Cj3a JCRN.RN38RIOCc @310RnNnj ¢ N CNC(
KES 8RI0Oc a3 nc308Raja CNCN< NOLRO3IRUJCLCyY JCRNjR ~NO jC
CNN3alRRUY i@Cc $3cjU3a8RaLCN<LRO3ICcj@3Nj3cjB30ORNj@3
cjaC,jc3U a JCRN3Ncna3cj@ jU3a8RalL N,33qg In JCRNCc,RNON,j:
CN NwU ajR8j@3 ja CNCN<RajnNCN<UaR,3ccY #w g3a <CN<jC
NN$C c303cjCL jSR8j@3 LR0O3I c3uU3,j30<3N3a ICy JCRN 3aaRa
UaR,3ccCcCllncja j30ncCN< 9A8RI0,aRccAq ICO jJCRNc,@3L3Cl
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IRR$] CNnNnN$C c30U3a8RalL N,33cjCL j3c. 3cUGj,Lj0w3DN3IXLE N -«
3Ncna3cj@ jj@3,l cc0CcjaC$njCRNCNj@3j3cjc3jLCaaRacj@
GA8B8RIO ,aRccAq ICO JCRN.cja jC~, JICRNURcCjCqg3Ilw {3,jcj@3
3cjCL j3c$w L CNj CNCN< ,RNcCcj3Nj,l ccUaRURajCRNcCN 3 ,

ia CNCN< NO?wU3aU a L3j3ainNCN<

rCi@CN 3 ,@ Rnj3aja CNCN<IRRUCj3a JCRN. NCNN3a,aRccA
ja CNCN<. Ua3UaR,3ccCN<. NO@wU3aU a L3j3ajnNCN<Y i @3C
URajCRNR8j@30 ) NRj@3IORNj$wj@3RBRIACRBUN.Tc@CaN@3@a C
RN3 8RI0O Cc nc308Raq ICO JCRN. NOj@3 a3L CNCN< 8RI0c a
U ajC,nl a@wU3aU a L3j3a,RN~<na JCRNcYi@Ccja CNCN<UaR,
RUjCLCy jCRN UUaR ,@. NOj@3,RN~<na jCRNwWC3IOCN< @3 §
8R10c Ccc313,j30Y 2u LUI3c8Raj@3c3 @wU3aU a L3j3aRUjJCLCy
c$ w3cC NRUjCLCy JCRN.a NORLCy30c3 a,@. Ra<aC0c3 a,@.
@wU3aU a L3j3a,RN~<na JCRNcY i@3~N ILRO3Il.ja CN30ORNj@
RUJCL I c3jjCN<c.Ccj@3N3qg In jBORNj@3 Rnj3alRRU j3cj8RIO.
CNN3alRRUcnUURajcLR0O3I1c3I3,JCRN.s@ClI3j@3 Rnj3alRRU
UaR,3cc CcClincja jB0CN 7C<na3lY: Y BNj@Cc U ajC,nl aCNcj
L3 NCN<j@ j 9A8RI0O,aRccAq ICO JCRNCcnc30CNj@3 Rnj3al
UUIC30CNj@3 CNN3alRRU) clIS*Y

r@3N 03 ICN<sCj@ a3 IAsRal0 0 j.Ua3UaR,3ccCN<R8 @30 j
Unj JCRN. ;3Nj3aCN<. NOc, ICN<cja j3<C3cY i@3c3 Ua3UaR,
,@aRccAq ICO JCRNUCU3ICN3 NOLncj$3 UUIC30sCj@CN3 @I
gRCOO0 j 13 G <3 NO S$SCEBOUOBcjCR®INACG\n3c a3 ,RLLRNIwnNnc30j
R8j3N R,,naaCN<LCccCN<83 jna3cYi@3%$ cC,UaCN,CUI3R8C|
j@ jCc NRjUa3c3NjCN U ajC,nl aR$c3aqg jCRN, N$3 UUaRucCL
K3j@ROc, N$3, j3<RaCy30CNjR NNCqg aC j3j3,@NC\n3c.s@C,
R8j3NNncCN<L3 cna3cR8,3Nja IjB3NO3N,w. NOLNnIjCg aC j3 UL
c@CUc LRN<qg aC $I3cjRwC3I0LRa3 aR$ncj3cjCL j3cY mNCq
NO ,RLUNj JCRN Ilw 3|,C3Nj. $njj@3w L wRg3alRRG j@3 nNO3:
CNjaR0ONn,33C cCNcn$c3\n3Nj N Ilwc3cY BN ,RNja cj. LnljCq ac
Cj3a jCq3 I<RaCj@Lc NON3 a3cjAN3C<@%$RalL3j@ROc.LRO3I
NOCj3a jCq3lwa3~N33cjCL j3cjR $3jj3a UUaRuCL j3j@3 ERC]
[ IRscj@3 CLUnj JCRN UaR,3ccjR $3j CIRa30jRj@3 cU3,C~, ,C
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7C<na31lY:-i@3 N3cj30,aRccAq ICO jJCRNUaR,30na3) .

BN@ N,CN<j@3 q ICOCjw NO a3IC $CICjwR8cj jCcjC, ICN83a3N,3c
+3Nj3aCN< NOc, ICN< a38nNO L3Nj lUa3UaR,3cctGN¢38CARANC\Nn3
CNgRIg3ccn$ja ,JCN<j@3 L3 N8aRL3 ,@ R$c3ag |CRNcRj@ jj@
L3 NbY, ICBRIIRsc $3wW 0CgCOCN<3 ,@q In3$wj@3 cj NO a003qgC jC
j@3 g aC $I13jR nNCjcj NO a0 03gqC jJCRNY N Ilj3aN jCg3c, ICN< U
s@C,@ a3c, I3cj@3 q aC $13jJR ~u30a N<3.jwUC, Ilw)z. S*. $wc
NOOCQqCOCN<$wj@3 a N<3VL uCLnNnLLCNncLCNCLnNnLWY i@3c3 UaR
JR3IN@ N,3j@3 NnL3aC, Icj $CICjw R8 cn$c3\n3Nj ,RLUNj jJCRNCc
CLUNnj JCRN NOc, ICN< a3 Is wc ~jj303u,IncCq3IlwRNj@3ja CNCN
s@3j@3aCNj@3 CNN3aRaRnj3alRRU. NOj@3N UUIC30jRj@3 ,Ra
Ua3q3NjO j I3 G <3)rCIllk*Y

lY: Y]l +RLLRNK @CN3H3 aNCN< +l ccC~3ac

BN j@3 8RIIRSCN<.c3g3a IL @CN313 aNCN<L3j@ROc a3 Ua3c3|
I3 aNCN<,l ccC~, [CRN.s@C,@L3 Ncj@ jj@3 I<RaCj@L Ccja CN3C
JRCN83a L UUCN<8nN,JCRNj@ j, Nj@3N $3nc30jR,l ccC8wnNc3:

/3, CcCRN ia33c

K ,@CN3I3 aNCN<,l ccC~, JCRN I<RaCj@Lc0CqC03j@383 jna3 cU
3 ,@® ,Raa3cURNOCN< jR c¢cU3,C~, RnjuUnj ,l ccY /3,CcCRN ja33c
a3,nacCqg3lwcUICjjJCN<CjCNjRcL Il13aa3<CRNc)#Cczf*Y i@3 UaR
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a3Ua3c3Njcj@3 3NjCa383 jna3cU ,3Y j3 ,@ 03,CcCRNNRO03.j
,Raa3cURNOCN<j@a3c@RI0Oj@ j$3cjc3U a j3cj@30j $ c30RN
:CNC CLUnaCjw. Ra3NjaRUw)+@ IS$*Y i@3 ~acjcUICj0CgCO03c
s@3j@3aj@3c313,j3083 jna3 cq In3Cc $Rg3 Ra$3IRsj@3j@a3
cn$Ajal33.s@C, @ Ccj@3N8naj@3acUICj] jN3s03,CcCRNNRO3c.
83 jna3c NOj@a3c@RI0Oc$ c30ORNj@3 a3L CNCN<nN,3aj CNjw)
,RNJCNn3cnNjCl cjJRUUCN< ,aCj3aCRNCclL3j)Yi@3a3cnljCc ja:
CNs@C,@3 , @13 8NRO3 ,Raa3cURNOcjR O0CcjCN,ja3<CRNRS
ccC<N30 Ua30C,JCRNS$ c30RNj@3 L ERaCjw,l ccR8j@3ja C
i@Cc L3j@RO IIRsc03,CcCRNja33cjRLRO3I,RLUI3B3u03,CcCRN %
CNj3aUa3j $13s w)#Cczf*Y /3,CcCRN ja33c a3 $I3jR@ NOI3 $R
NO @C<@IC<@jc CLURaj Nj83 jna3cj@aRn<@ ja33AICG3cjan,j
0j ,@ N<3c NOS$C c30jRs a0c 83 jna3csCj@ L NwlI3g3lc)#CNI:

" NORL 7Ra3cj

" NORL 7Ra3JcWw Va3 N 3Nc3L$I3L3J@ROj@ j3uj3NOc03,CcCRN|j
ja33c NO <<a3< jJCN<j@3CaUa30C,JCRNcY 2 ,@ ja33 Cc <aRsI
0j .s@C,@ CNjaR0On,3cqg aC $CICjw LRN<j@3ja33cY j3g3awcU
83 jna3c Cc ,RNcC03a30.a30n,CN<,Raa3l JCRN $3js33Nja33c N
,RL$CN jCRNR8 $RRjcja UUCN< NOa NORL 83 jna3c3I3,jCRN @3
JR cCN<I303,CcCRN ja33)#a3zS*Y i@3 3Nc3L$I3j@3N <<a3< j3
L ERaCjwgRjCN<8Ra,l ccC~, [ CRNjRUaRONn,3 ~N IRnjuUnjY N 3i
CN7C<na3lY9$Y i@Cc <<a3< jJCRN 3{3,jCqg3lwa30n,3cqg aC N,3s
a3cnljJCN<CN CLUaRQg30 <3N3a1Cy3GR$ NG gRRajIEBat NO NRC
j@3w, NNRja3IC $lw 3uja URI j3$3wRNOj@3 a N<3R8j@3ja CN
BUU3NCcCQq3 )#CNI:*Y

2uja3lL3;a OC3Nj#RRCcjCN<

2uja3L3 ;a OC3Nj#RRRBRW@ < VO3,CcCRN ja33 3Nc3L$I3 @ j,RNq
LRO3I$wCj3a jCq3IwWLCNCLCYyCN< a3<nl aCy30R$E3,jCg38nN,j
BNj@Cc UaR,3cc. ~acjA NORUJCRN Ilwc3,RNOARaO3a03acCq jCq
3 ,@cj3U.a30n,CN<Ua30C,JCRN3aaRas@CI3 ,RNjaRIICN<LRO03
,RNja cjjRa NORL 8Ra3cjc. s@C,@ $nCl10ja33c CNO3U3NO3Njlw
t;#RRGRNcjan,jcja33c c3\n3NjC Ilw.3 ,@ RN3 CLCN<|jR ,Raa3,jj(
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VW N Clincja JCRN R8 03,CcC&fW ME3lofga,j6RN R8 a NORL 8Ra3cj,
)b alS*Y LnlIjCUI3SCNOCQgCONn 103, CcCRNja33cnc
, JCRN )b alS*Y

ICR3LUIRwWC j3,@NC\n3cICG3 c@aCNG <3V ICRGNRsN c13 aNCN«<
NO a NORL cn$c LUICN< R8 ja CNCN< CNcj N,3c NO 83 jna3c jR 8
U3a8RalL N,3 NOa30n,3 Rq3a~jjCN<)#3NIS*Yt;HRRORL)jdN|j$@ Gjwj3e¢
JR @ NOI3 cU ac3 CNUNnj0j j@aRn<@ cU acCjwA s a3 cUICj ~NOC
I3 aN RUJCL 1038 nljcUICj0Ca3,JCRNc8RalLCccCN<Ray3aRAq I
N3308Ra0Oj CLUNnj JCRNRa3u,IncCRN RSICARRDBIT@3at @Be® C
Ua30C,jCg3 ,,na ,w NOc, | $CICjw. j@Rn<@ Cjc ,RLUI3uCjw CN @w
CNj3aUa3j $CICjw ,RLU a30jRcCLUI3aLR03Ic, N$3,@ II3N<CN< ]

bhnUURajp3,jRaK @CN3

bnUURajp3,jRa Kpk@WN8BZ VaR$ncjcnU3agqCc3013 aNCN<j3, @NC\n3n
s@3a3 @3 <R ICcjR~NO NRUjCL l@wU3aUl N3j@ jL uCL Ilwc3L
, I cc3c $w 3Nl a<CN<j@3 L a<CN $3js33Nj@3LY i@3 L a<CN a383
@wU3aUl N3 NOj@3 ,IRc3cj0 j URCNjc8aRL3 ,@,l cc. GNRsN

,aCjC, ICNO3~-NCN<j@3 03,CcCRN $RnNnNO awY K uCLCyCN<j@Cc
L a<CN <3N3a Illwl3 0cjR IRs3a<3N3ahtL RaRBM BSaRja.RL NRECN 3 [GAN3,
ja CNCN<O j )b alS*Y bRanCcY@ I B8aN3I8nN,JCRN.s@C,@ IIRsc |
CLUIC,CjlwL UCNUNj83 jna3cCNjR @C<@3a0CL3NCcCCRN IcU ,3nc
URIWNRLC |I.a 0C I $ cCc8nN,JCRN. RacC<LRCO0.sCj@Rnj3uUulC,
3N $ICN<j@3 LRO3ICN<R8NRNAICN3 aa3l JCRNc@CUc 3|,C3Njlw
CN7C<ndPKYBY3,jCg3lw @ NOI3 @C<@AOCL3NCCRN I0Oj NOU3a8R:
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7C<na3lYf-Bllncja JCRN R883 jna3ja Nc8RaL jJCRN NOc3U

NRNAICN3 a,l ccC~, JCRNj cGcY ?Rs3gq3a.j@3wa3\nCa3, a38n|
Rg3a~js@3Nja CN30RN ,RLUI3uOj RacL II0jc3jcY )#CNI:*Y



+@ Uj3ak
[ j c3j-2 aA# | N,3

@30 ) nc30CNj@CcsRaGs cUa3a3,Ra030 cU ajR8j@3,ICNC, 1
,RNON,j30sCj@ j@3 mMNCqg3acCjw ?RcUCj I 2al N<3N.8nNO030 $w j@
VIT;WY i@3cjnOws c RaC<CN Ilw8R,nc30RNS$ I N,3CLU CalL3NjcC
0Cc3 c3YBNj@Ccj@3cCc.j@30 jc3jCcnjCICy308Raj@3 UnaURc
i@Cc,@ Uj3a03c,aC$%$3cj@3,@ a ,j3aCcjC,cR8j@3j3cjU ajC,CU
,RIN3,j)308aRL7T NOBKmML3 cna3L3NjcOnaCN<cj jC,$ 1 N,3j cGc’

kYS TRUNnI jCRN

jJRj ITR8ezU ajC,CU NjcjRRGU ajCNj@3cjnOw.s@C,@ ,R113,j300
sCj@ T aGCNcRN c0Cc3 c3 NO <3AL j@30,RNjaRIcY T ajC,CU N
CN,In030C8j@3w@ O ,ICNC, 10C <NRcCcR8 T aGCNcRN ccwNOaR
;3aL NbR,C3jwR8 M3naRIR<w V?R3@N v @acj <3B"BBBW.s3a3 Rq.
c 83lwsCj@Rnj ccCcj N,3. NO $I3jRs IG:"SzL3j3ac CNO3U3NO3N
CN,In030j@3 $CICjwjRcU3 G NOa3 0. c¢cs3ll cUaRgqCOCN<CNS8R
,RLUaCc30 U@ cC Ra I3uC .gCcn ICLU CaL3NjcUa3g3NjCN< a3
03,RLU3Nc j30, aOCRUNILRN aw ,RNOCJCRNc. L uCLnLs IGCN<OC
CN $CICjwjR nNO3acj NOj@3 cjnOw UaR,30na3c. NOc3g3a3Lnc,nl
{3,JCN<LR$CICjwY <3AL j@30,RNjaRIcs3a33IC<C$I13C8j@3w
NR OC <NRc30Lnc,nlIRcG313]j 1 RaN3naRIR<C, | 0CcRalO3acyY 7Ra
cc3ccL3Nj3I13g3NU ajC,CU Njc N33030jR $3 3u,In0300n3jRj3,@NC
a3cnlj30CN90O U ajC,CU Njc.s@Rc3,@ a ,j3aCcjC,c a3 cnLL aCy30
C8j@3ws3a3 $I3jRU3a8RalL jI3 cjRN3cj jC,j cGIsNCB®&m ICO c3N



[ +? Ti2 kY /i b2i-2 "A# H M+2

b3u VLg8W kOglz -

<3 Vw3 acW SFYNS 1 cG M
23C<@] VY LW S eky 2+ ,IRc30 Of
r3sC<@jVG<W SeX¥kY9 2+ U O :.e
*gT/ kSgl4 §:F3NLoCsL |'|4
72bAB SfY B4 2+jsc03 9f
72b VIRsg@C<@W :49SS 7,0 ,IRc30 9e
iCL30ANUA NOA;RVcWYk SzV| 20U 0 9f
bTT# VURCNjcW IYS OYO 2Q ¢c3LC  9:
7aC307a Cljw BNO3uzY4 zY9 2Qj NO3L :S
KR+ 19YKY 9 2QsC03 99
KR+ VNRal IgCLU Ca30W  kegll g3, 1| 90

| $13kYS-/3LR<a U@C, NO,IGNGg kv 318883 R8 U ajC,CU Njc

CcjC,cR8Jj@3 CN,In030 U ajCOCU LNé%\pr5IQ93VY\@é/st@22W30 10
5T aGCNcRN c0Cc3 ¢c3. +5 <1?<| sz,s@w\éq:ga I1CNOC, j3¢jC

jaR1Y 7 11c 2], ,wb, ISAERBEBI\CRMN I Ng |y ajc,CU Njc VM590W. s
IRs 83 aR8<8IkI.C@\|&<@I&3vaa29*T|3 CiRN3j cGsCj@q 1C00 Y
KR+-c,Ra3t,RNcC03a30,R<NCjCq3lw NRaA

L 1< If ¢cCLU Ca30)M cz9*Y
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